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(54) PLL CIRCUIT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a PLL circuit which 

has a wide pull-in range and is suitable for high-speed 
operation. 

SOLUTION: Clock signals CLK1 and CLK2 of mutually 
different phases are generated by a VCO 4. Both the signals 
CLK1 and CLK2 are inputted to a frequency comparator 1, 
and only the signal CLK1 of a delayed phase is inputted to a 
phase comparator 2. The phase comparator 2 outputs a 
voltage signal corresponding to the phase difference of an 
input data signal and the clock signal CLK1. The frequency 
comparator 1 mutually compares the repeated frequencies 
of the input data and clock signals and, when the frequency 
of clock signal is higher than the bit rate of the input data 
signal, a down signal is outputted but when the frequency is 
lower, an up signal is outputted. A filter 3 outputs a control 
signal corresponding to the output signals of frequency 
comparator 1 and phase comparator 2, the VCO 4 changes 
an oscillation frequency corresponding to this output signal, 
and the clock signals CLK1 and CLK2 are outputted. 
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L7tPLL[lI|g^S|3S-r§, 

iatxcLK22rvco4T^-ri.» mmcimmi 

2 t{±fiiffl:*^gixTv^^:trcom-^c LK 1 co;^^S:A:^j-f- 
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1 at/'n 2 to n >y ft-§- i; commkitmMmzm t T 

n^mmz^t hXoi^zLfz^b ^wmh^^mm-m. 1 
iaai^PLL[i]g&. 

[ mim 3 ] mimmL&Mm± . mi^:n t - ^ fs 
^<n^^i\L^X'^yy)v^ixtzml^ 1 <5o n -y 

T^tKIUJ^i: . friB-^^ ^/V-X U -y Ti^tiilllS&coaj^lft 

-f - 1 Cb t T luie 7^'- i^' fi^ i; Mia ^ a -y ^' fi-f - 1 to 

D c> mria a ^ m^comm Lmmmt/^-x^ ^ t ^ tc r 

■thttM 2 iBffico P L L 

[if*]S4 ] Huia-if>f y -y T^ajnis&fi. 1 

Mco^' a ■/ ^' A:^:iffi5^^t3{iHrriaA^7^-:5'fi-^55^A:b 

\,z\mim 1 « ^' n •/ {i^;&iA:i3 S ft , IfrlBIB 2 ^0-9- 
y7Vk4^-;kFllIKO^-:?' A:*]*? tctitffia^ 1 ^onf 

> T/i^Ti^-;!^ F m^'^'ii&^-ti^x-n^fi. mm i 
fflewfeisipiiiifScoA:^3^K A^ snfc i t & ft It t -r 

-1. 11*38 3 leffitO P L L [l]fi& „ 
[if*3S5] BUiBT>yr^-'^yft^«*IlIS&{i:. ^3 

i;. Sl&t/®2<50DM7U -yT^O-yrfc^-^^z*^. mi 

%m'i(7y'fyr)v^--)VYm^<7yT-^x-nw^\z\%m 
t3(iifriaA:^x-:s^jO^A^§^x. mrieis i ommmi 



^1. wieis 2 (r>Wimmsm<r>x-n^'^hz\,±mtt% 2 0-9- 

MiiKc^ai^fj^^A^)^:^.. H?rieffii(?oDM7'j-yr7o 

•y r«-f'-^'A^JS^{c{d:|friBlg 1 cof&fMIlIS§c7)aj^ 
ifiX-h^iX-. Mia^2(50Da7iJ •yr^O-yTtO-r-^^ 

A:^S^ t (itfriam 2 cDl^a«[l]ggom:f:A>A^F $ ix, 
Miam 1 &i>tffia^2 ij ^y r 7n -y r^o^' n ^y 

^ Ali®^ tcttlfiaig 1 t^S^ft!ie^t^iM^aiillE^ioai:^^iA 

^jSix, frlBffiliODMyU >yT7n>yT;i)^ii,H>rie:J'"'> 

^.tirfar -y Tfi-§-*iai;'3sa.i. <i h ^mmh -thmim 

4iettcOPLL[lIfiS, 

[If 6 ] flfriar -y t^-o yft^n^nifi^ts , m 3 

(73-|fyT;i^*;— K m^t. , H 3 , IS4 m^W- 5 col^a 
mna^3co-if>-r;P:j^-;UMilS&c7)^-^A:^3J^ 

t^JifriaiS 2 cOi? c? -y ^ft-^*iA:^J ^ix-eco ^' n -y A 

*ffi^ic{ifflriaA:ft7^-:5'*^A^j§^i. miBig3coi^a 

Wlll^^^^oA:^lffi^ tcJi friam 1 o-9■yT;^^^-;^ K 

CO ai^J fria^ 4 cO D M7 U >y r 7 n ^y to ai^J i: A 

mt^AammM^<nx-nwt\,z\tmmi 
r7n-yroaiS}i:*iA:b$ix. mm,svywmmn 

IBIS3£0-9->'7V^rh-;H<IIIS&t7)ai^Ji:*^'A:^j$ix. fu 

a -y rOT'-- A:;bS^ t A^J § ^i. lilB^ 4 <^f^a« 
liIS^coai:^ii±fria^4 covmy u ■/T:/^ /rcDr-^ 

iaiS3&t/"|ffail40DM7y ■yT:7n>yTC0^'O-y^' 

XJjm'i,zX:h^it. miim3(r)Dmy 'J-yryG-/r 

ij^^msi^'yym^t^iiiiJ^ti. l?iaig4cODS7U -y 
T7a y T*>4B>rlSr 'yy°m^:h^liitl^tt^ i: 

-r -I. Wii<Ji4 imco p L L HISS „ 
[ imm 7 ] ifrf an i &ifm 2 ^o-f > 771. -yi- k 0 
m±Mi&t/m2co^'yi-m^t^ m 1 io-fe 1^ ^ HISS 

i: ^7^^ , IffieiS 1 ^ ■f-msmv'miim 2 coy 

-yi-mS^co^-^X:f]m'i,ziiS^yy)]^^^-j]^Ym^ 

^(D7K:h'f-^^^Xts^ti^<^)^ a y ^' 7^:fj^'TU±'S 
'*ryy'}]^Ti-^~/U¥m^^(OXti^ y i^ii^X:h^ti. sir 

laig 1 <7)7 -y ^ ASJ iJ' a >y l^cr)iL± '9 A>*T D 

4 vx^ f-^iunv. mim 2cr>y'y^ mmtx^ 

wiim 1 Rx/mim 2coy'y i-m^cDmin:^ imtm i 
<7)-b p ^ ms&t: AH s ^xK-fe ^ m^<7)mmmms 

§ tL^ CO A* o >y commu^Mzfib txmism i a 
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mti^mtRL, immmm^(^mmfj- "o" co^i^tc 

[11*319] luia^ist/'Sg2(5D-9->r/L'rf-.-;i^H[iI 

:^ Sti-esoi^ o .y A^jS^-tcJia-^-yr/L-*-;!^ Mil 

]l4iHii5<7)PLLIllSg„ 

cor >y y-immti izMLrmsm.mmm^mm^^mm 

Sr Jnff t T Ml eMPmS t-thXol,zLfziiii^^ti 
-r 2 - 9 lEife<7) P L L 

[000 1] 

mzmm.m.{mttm^im\ , jtsv ^T;k-f yv-yi^ 

^CPLL (Phase Locked Loop) HlgS 
[00 02] 

7=- ^' aftco^*Hci3 V -^x'^scoymiuzmt/^ < mm 
^msx-hK). ^t^'t^mmcrtPLnzmtxmm^ 

xmmdm^^mt.fzP'Li.ii'ihh. ^coj;o^iiis& 

<r>—mfMkX"A PLL-Based 2. 5-Gb 
/s GaAs Clock and Data Re 
generator IC" IEEE Jour n a 
1 of Solid — State Circuit. 
VOL. 26, No. 10, pp. 1345-135 
3, Oct. 199 1. liZtdM^fCZV^h. 

dWB2/2* (1+cos (2* 

^{A)ii. mmm^zitmhfzmm'Ttt. mmmM 

cn2m<^mm^m'otz^^^Jiti,z^{^ C:,ixt . ^cr>tz 

i>zt xm^mMizmttzv c ocommv&^n^ ^ t 

ti^x^^. zc^)Xoiz. mimmi:miii^^zb:/i^x^ 

^fzi^iz^ y ■< ju^cr)^mizx^^. y)V4yvyif^ 



[0003] HI o\±mxm.^zmm^tLXv^^mk<op 

HIK (jar. EXORHliig) 6 2. micO-effiJ:b«£S6 

3, S2^0fifflittgll6 4. ttffiS[J«^ffi:^ V 
CO) 6 5 . ^4MlIif&6 6. n— ^•^UrJ'b 7. 5 

[0004] i'K.^z. Mm^tLfzmnbm&^tL-^j:t^'ofz 

fS-ti:^EXOR62 1 Al^J^T ^ i: t ^ 0 T - ^^cO^ 

1 COfi[fflJ;b«£ts 6 3 t m 2 cofSffi J:t«fl 6 4 A^ $ sh- 
VC O 6 5 A^^j^^aTt^'n >y 9m^t<7:>W^iAMti^ 

nhtii> „ ^co^. Ig 1 coaiSitlxtff 6 3 Cii 0 Scof4 

ffi^S'^fc^'n-y^'fi-^AiA^i^ti. m2ffym.mt\jmii 

6 4 (cJi 9 0 S^Ofiffi ^' n -y i}^^ ^X:fj^ti 
h . W,z% 1 co{ifflJ:biK^6 3coaiSj{iM^igS&6 6 \,z 

x^^ti. 'imim-Zi^mti^iv^. mzm;!fmn6 6<7) 

ft-i- 1 ^ 2 cr,imim^ e4<7)iiiMi<^^6 8iziKl 

mifM^fi. ^c<7)\i^^mmiy3-j-^xy >!)Vi^6ii:m. 

0VCO6 5iC)ISii§tL.g.o 

[00 0 5] icOBt. a— ^f/P^e 7c7)aj:bft# 
PLL^J^^T'^-g., 

[00 06] Z ZX\ OJgcOfiffl^Wo/c^' a .y ^ff-t 
SrAs i n (w^ t ) , 9 OJS^OfiffiSrit-oTtiJ'O -y ^' 

ft^^ A c OS ( w„ t ) t-th t.mi (^>&.mm.^ 

6 3C0ai:'3t±, 

Bs i n ( dWt + de') ■■■ ( 1 ) 

i:=Sr^o m2co{iffiit^6 4coai^(i, 

B c o s ( dWt + d 6*) ••■ ( 2 ) 

t-^xh. :i:ix\ dwiiXMn^ 1 9 n 9 imcTym)^ 

iScH. d(9{±A^lfi-^^:^'a>y^fi-f-cOfifffiil^^:b 

■t. 1 cOfiffiJrtSiti 6 3com^]{iM^^IlIiEt6 6 

A:'3Sii^<0T\ ^iS^i■[lI^S6 6c7)ai:f3{i;i'c ( 1 ) ^Wl-^ 

dWBcos ( dWt +d(9) ■■■ ( 3 ) 

fc^-S-o (2) fcj^ (3) tT-^io^ixfcfg-^iiSdt- 
-9-6 8 X-imm^tth COT', 5 ^-^-cOtfi^JtiiXcOitT-^ 

[0007] 
(dWt + dfi*) ) ) ■•■ (4) 

n -y U y i^'t tm^T-S' S^#-r P L L [IlgSSrffl 

[0008] 

[%H>3*ijB6^Lj; a t-thmm] ±mLfzm^m^xu 
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[0009] ^mm\i±MLtzmmmcnx.^Mm- 

^fzihi.zt^:^tLtzijcr)'z-h 0 . ^(^mmix^m^i,zn 

P L L ms&Srffi^-r S .1 -CJ^ , 

[0010] 

[iS®*»^-tSfc*^o^S] *»HHtcJ;^PLL(ilg& 
^ IS 2 co^ a -y ^ m:*:^^ V c o tc^SaifeSt^ 

Mffli-r $ij wi^ ^ "g> ^ - s- .y ;i. - 7° * 

[0011] mnB$ijffliiiis&«. mt^^m^hmd.^! 

cr)i^'a-y^m^t(r)m^m^m&zm^Lx\^^-thii 

%.^\^xim.-thy ^)v^):.^^^. may ^ ji-^ com 

:bimimBmmm^-tLxm$ims.mm^mm^z^t 

i,j:iizLfz^b^mmt^^. 

[0012] mmmmmtmmi. m9iA:nim^mt 

s^x-^yr/u^titzmiSM ico^^u -y^m^cou^fyM 

^j^trmtHLxmm^'th-^^ 9)vxv -yrmmm 

<r)WmLmm.ii^m\^t^f<zl±^^yimim:hL. 

WM.¥i&.v^bi tear ■y Tfi^Srai:^-ri.T 'y T^-'^V 
tm.-thi:ol,zLfz:Lf&mm.t-th. 

[0013] rniB-^^' u -yym\^mmi-. n i s. 

HIIKi: 5r#;?^. mflB^ 1 St^'H 2 {TJ-ifyr/PTi^-;!^ h' HI 
SScT)^ n -y ^ A:^3i^t;:{i:B«taA*fi-t*^A:'j$ixmia 
^ 1 <7y^yy)VTi-^~)V Ym^<r)^~^K-fi^'^^z\tmt 

IS 1 CO ^' n -y fi-f->^)^ A:^'] S , WiaiS 2 (^i^yyivA-- 

~)V ¥ ms&OT-^A^jSro^ tcfifriem i (^y^yyjVTt^ 

Y [ns&coaiS] A^] ^ . firisis 1 mfm 2.(7^^y 



mM^(^x-)]^'^^zx-y]^fd-z^h'kmmh^h. mib 
meg t , IS 1 mfw. 2 <^iiiM«ii]s« . ® 1 s.y=B 2 co 

DS7'J-yT70>yri;Sr#^^. mia^ScO-^yTyk^^ 

F IlIS#c7.)x-^ A^JSQ^ tcJiffriEIS 2 w ^' n ^y ^'11 
-^^iA^SiL-ecOi? a .y A^JiS^ tc{4B<riEA:ft-r-^^ 
*^A:fj § ti , mim 1 coi^a«[l]g§co A:tiSi^ t ii: Wf E 

m 1 y r^UTf.-^p f [ii8&toffi:C&£^BfriE^ s 

T/t-* K Il!ff#(7) *i A^3 § . tuiaiS 2 <50f^lJI« 
[llS&c^A:;'j^«i^t{4MIB» 2 <m yy-jU^^-fU H HlJf&co 

ai;'3 1 ffriEiss toHfyr/u^^-zp F ms&comifti&^A^j s 

ti. MIEIS 1 ij -^Tyu-yy'c^^f—^A^^f- 

(7)DS7 U ■yT7n>yTOx-^'A^]S^Ci4l|iriEIS2 

<7)i^aaiiiif&coyi:^AiAS3^fL, miiais i atNU ibis 2 

iODS^U ■yy°y\i-yy°c^^vi-y:PXti^-f-UtmMi^ 
1 coSW^ji^iIfaiiIi?&cotil^j;i)iA:':§ix. mflEIS 1 ^od 

myU -y7°7n-y7°A>i^fjlBy'>Mi-9-*'£ii:^jStL. ffr 

iB^2<7)DM7 y -yy°y^-yy°^^i^mET-yrm^ti^iii 

[0014] miir-yTi?'^ym-^mL\M\mi±. msco 

Hlfi&t, IS3&t/B4cODM7'J •yrynyTh^-t- 
.^S^. mi^sco^yTiVTt^-jvYm^co'f-^x^^ 

izimwm2ff)^n~y ^'fi-f->0^A^J§ii^tO^' n y ^' A 

:hm=t^z\i-mUK:n T - ^ *^A:^3 § . HfriEIS 3 col^ii 

WIll^§c7JA:^l^ffi5^ (.cttifriam 1 c^^^yyiv^^ -)v Y 

<nm±tmM^Acr>Dm.y iJ ^yy°yu-vy'cr)m^btfix 
*§ix, mlEIS4colfeaWES^OA^iSra^t(4mlEIS2 
<5D-9->-7°;k*— ;kKIli8&cOtilS]i;KfiaiS3(5DDM7U -y 
r7D>yT<7)m:^Ji; /j 'Av^J $ ix . MiaiS 5 c7)f^Il« m% 

IB^3WyT/L'7^-/L'h'[lIg&(50tH*t*^'A:fj§il. t>f 

la^ 3 <r>mmm.m^<^:> mMtmim 3cr,T>m.y^j -yyy 

U'yy^<r>^~ifK-nm'^\,zK-)i^tt. m^Acnmmm. 

lIlE^wm^]{4Uiam4 cODS^ U ^y r^o ^y rcOf=-:5' 

la.^ 3 at/"fflifaiS4 coDMy V -y yyu -y yco^^n -y 9 
X-hWt\,zX-n^K. mim3,ayY)m.y')-/yyu'yy 

t-t^m%t^'^y\mffim}Mi. m%m,A(7^xim.y') -y 

[00 15] S-r-i.t2|s:PLL[ll|fST14. X-)lf~^(7y 

\zvYv~Y\,zm-h9^'y9<n^m^<^-m'^'k. x-n 

T-^ i: St 4;ififfiA^'M=5r'g> 2 -riJcT);? a -y ff-^ ( C L 
Kl. CLK2) i:^fflV^TMBf-ri.» 2-P<7)^'n -y ^' 

-^<:o^-fti;S;J±S(;i-f-^oi ^'-^Axo-y bto;^^^ 

m LT V ^1, cOT\ 7^- ^'cO^fL'^.T-^' n v ^ ^^yy 'J 
yy-tt^bliZX^. ■^VJ^y^b^-i'b cOfiffiUj&i^ 
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[0016] LLIlIB§-C-{i5vHc{afficoM^-i. 

a c L K 2 ) commzii a lx mmm.mc)m&mi 

T^}y'fr~^t>- "0" t-t:> "1" i^zmtt^^-^t. 

mz "1" "0" tc^-ft-r^:*-^«23M'9*^'S>.S.o 

•■\m± "0" co.i^ffitfc'i.%-^toit4a'9io^fc«A^'s> 

[0017] ZZX\ ±Kt04aDtO^:^ffi,t-IWtT^J^:tO 

<l:3t;#-i-*-ft(tl.o -r^i^**, ttSllti, jJ'D.y^'C 
L K 2 u y-yf—^ifi " o " cdj»-^t-\ n ^ 

i^CLK l<:0-^>'riJ>^i?'7'-:^'3&^" "0" ii'ii, "1" l,Z 
mitLfz^mt-t^. mi2{i, a y ^' C L K 2 iOHf 

U yiS' ^ " 0 " <7)%^T\ ^n>y^CLKi 

£^-»fyTUy:?^7'-^'^' "1" J&^^j "0" IC^YbLJ^C*^ 
f—S^ffi " 1 " 0:^T\ C L K 1 <7)-t?->'7°U >-^'-f — 

i^t^ "0" "1" t'^^ttf^^^^-t-rs, «»4{i 

C L K 2 cO-t?->-r U ^ W " 1 " c^J^-^f. C L 

K l^01^>'7°y>'^'■■-f-:^';^)^' "1" ti^i^ "0" <,z^itL 

. ^^ffi 1 ^1 2 com-^coii&z hhhcob-t 

[0 0 18] i.L. A^i-r-^-sof'y M^-btcML 
^o.y^'-ft-tcOjiI^}6^S{tix{f. A^T-^'tJ: 

-I. n -y iS'fi^cTj-ifyr y y yJ^(r>&Mtlm^x•'\> ^ < -Jj 

^a^T'VK„ A^)7='-:5?<30b'-y M^-btC^fJt 

-g. n >y yy'uy Vj^c^ms t^mtix K 

r&i, -t^^hh. ^«i:i)>ttffi2<7)m^j&>^>*cffi4io:^[^f] 

[0019] *p LLHiif&fli, ^y-rA^t^—jVYm^ 

Hf y^-y y^r^iiyt— :^<7)^'a>y^'ft-^ (CLK 

i>o—ifcr>i^v3^y^m^ (CLK 2) (om^^mmv. 
m^cr,mimco-m&iiii:b-t ^ . ^pllhiis-c- 

lit^mt'^^T'' 4 ^ )Umf^^j:(OX\ Gb/s (bi 
t/second) ^ ^;^c7)]«]a[llB&tC «>^ffl L^-^ 



[0020] 

^^xmm^^mtxmm-t^. ^ris. OT^oiMBetcfev^ 
^ntm^ixxv^^. 

[002 1] Hi {4*5|BJ<50 P L L 1 CDHJttO 

?F^?J^^~r^"n.y^'ia-C;5l>. llH^i3(-^-r, 3ts:PLL 
mS&ti, mAzimcom^j:^2r:>cr,^rt^yi^iB^-CLK 
1 RV^C L K 2 SrftJjg-r-l^ VC O 4 i: . Xti f^- ^fl^ 
i: ^' n .y m-^C L K 1 i: tfOfiffi S:i:t«J L^cO^ifflUt 

jtis t/i K/kcomn^ ai:^-ri.{4ffijt«f^ 2 1 . 2 -otfo 

^\=t-/^m-^CL.Kim/CLK2bAti'f—^m-^b 

(Dum Lmmm^imL^commmmcox^bizm txm 

nbcTyr^ym^^m-miziati'rh^mmm^i t , 

'^Lxtm-t^^—y^^y ^ fi^^ 3 bi^A^xm^^ 
tixio*)^ y ^ 3 comti^v CO 4 commits 1 1 

TV^S. iris, A:fy^'-^m^it. NRZ (No Re 
turn to Ze r 0} m^<^iM^X''h^h<7)b-t 

[0022] t^t^^mmza^^x . A^jT-^ft^atx 

JtlS^2lCA:'3§tl-l.o ^Ol^. VC04T'%*§a-i. 

S :fir£^ o -y ^' m#c L K 1 {iJfliSitit^ i JttXfiffl 

a-yi5'11-i-CLK2<±jaifei^tlSllltcA:'3§^xl.. 

com. ;7n-7i?fi-^CLK20t]iffl^<i&2, :?n'yiJ'^i 
■^CLK l<7)fiffi2r«i> 1 >ItL^j 2-s><7)fi-i-i:7) 

imm^zmtx. 

om< (4>2-<i>l ) <180S 
[0023] fifflj:b«^f|2 Tli, A^lT-^ h ^ o -y ^ 

«Eft^^ a^^-g. . ^ . laiSaibKfl 1 JiA^T^- 
^i:i?n-y^ft-^i:0;ajfeitll^^aiL, i?n>y^m-^ 
<7)Jll»i^:^)^"A:^-f-:^'^0h-'y b h J; Ditv^^t•^^i^- 
'> y{%^ d o w n t . i^t-Kl T -y Tff-f- 

u p ^^^fe^^ „ 7 ^ 3 {ijni^iAib^^ 1 miim 

Jt«^§5 2 c^m-^* jQi. T V C O 4 ^Vmth fzii:>(r>W% 
[0024] >! if. ^'n 'y ^'fl-^COteffl^i'f^-:?'^^^ 

t T 5l^•c V ^ § ,r t ^ fiffljtK^ 2 SO ms) t T V ^ s 
4<7)«ji)^jfeit^ffi<-r-i. iotcii-f-^^^-ri.. it 

tc, ^ n 'y ^'fi-f-co{iffi>^^7^— ^' tcM LTSixt v i 
i:Srfiffii:b«^2coai^J*»'S^L-rv^Si:#. i;L<«±r 

'y LT V ^ -a t # {iV C O 4 c^J^SMISS^ 

ft<-r.&J;a(cfi-^^S&^-ri.o vco4{i7.<;p^3 
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[ 0 0 2 5 ] vJ:t;. m^ittm^ 1 cr>mm^\^z-:>i^xm 

[0 0 2 6] H2(ci5v^T, mxmtm^iii. ^-^^ 
[0027] i-r\ ^'/k;:^ 'J 'yy-mmm^ i o {±. 

|giatif^2c7)Hf>'r;l'^-;WH|lIS&l 2Rt/l 3k. 

>y:?'{i-^CLK 1 {S^ 1 <7)-9->T;l^:^-;P KIm]S& 1 2c0 

y-TiV-ii-^-)]^ MUSS 1 3 cn^-^K^m'^ii {zxn ^ix 
IS 1 ^O^fyT;^:^— ;P HHISS 1 2mfW.2(^:>^'>zr 
}Vit-—)VYm^\ 3c7)7^'<?«ai::*3S-f Q*^^>ioaiSj{i:E 
X o R 1 4 <^ A:'iS^ A;^i Sni. « 

[0028] T>y T^'^yfi-^^^IlIS&l 1 

ANDHIBg) 16&1/1 7i;. lll&t'^'|g2(r)Da 
7U >yT:7n-yT (laT, DFF) 1 S&tXl 9i:*>^> 

A;^i*f D tits n ./ ^ fi^c L K 2 3i)i A:^ § a. 
^' n ■/ ^ A^ffi^ C \.z\tX-n 9 ti-Kf) $ ix^ o 
[00 2 9] t.tz. ANDHi&l 6i7)A:ftiS^lC<±ISl 

c7)-^>7°;k4^— MUSS 1 2 om^jiS^ Qat/'m3 
>'T/I'7h-;PFI11I&1 5coai:^jJ^^Q3&>^.co#ai^j;0iA 
:n^flh. ANDHlgSl 7<7)A^JS^tC(±^2Wif>'r 
F UlSg 1 3 ^Dtii^jS^H^ Q tm3cr>-^ > T/krf-s— 
/l^h'HIS&l 5cotil^lS^Q:ii-fei^#m*3&^A*§ii.l>. 
DFF 1 8S,VD FF 1 9 <?3i^a ^' ASjS^ C (CjiE 
XORESIl 4<7)a^J*^'A:^tStl. DFFlSCO-f— ^' 
A^JS^DWiANDIUSSl 6c7)tti^]:*^A^)$tLl>. D 
FF 1 9cOx-^'A^JJQ^Dt(iAND[ll«&l 7*50^:^1 

tjV\-n^fih . D F F 1 bco'&ti^i-Q.tj-'^'.tf'y ym 

ndownttitajj^ti. |g2cDDFF 1 7coai^)S^Q 

[0030] mz. m^tm^ i «iiim-ouTia3 

^ffl<.-^TiJiBM-|., ll3{iJS«^Jt<KSieO#g|5<7)|J# 

^SJ^^^-r^'-^ S>'i5'>-^-ht'fe-g.. 133 (a) tcti 
A^Jv'— ^tfOb'-/ M^-htcMLTVCO4«0f&iijaiS 

^;^)^'Bfl.-i*i^. 113 (b) l>Ziimi,ZA:n^-9C0\i:-yh 

[ 0 0 3 1 ] UStCiaV-iT. CLK l&(y^CLK2{iV 



^LTV^S. ajSja<±ia2comi<7)-9->'r;Pxf^-;t'FIlI 

fi§i 2<:7)a5ijft-^^ mts hitm2 com 2 cn^y yii-'t^— 

^I-FHIKI 3coai^)ft-^. m:f]cim2cr,m3cr,-^yr 
iggll 5«ai±lff^. tfiS]d(iia2 0EXO 
R[lIKl4C0ffi^jft-^, til^Je{4|gl<50AND|llS&l 6 

cT^mi^jff-^-, ai:trf {i:m2£DANDiiig§i 7«ai:^m-^ 

[00 32] 113 (a) -^yyvyi^'^tL 

a) t — :)mco'^yToyy''f-i^ (m*b) tcorn^ 

tid<r>i'W7.mzioux\±. c L K 2 co-t?- y T y y 

7^-^ (ai:?]c ) (nmmi^ "i" tc^oTv^sox-. m 

^la^^ "1" b "0" ^TfT^T-jlltfOANDlIlgS 

1 6£iDai:fje3&i "1" 2 £0 A N D 1 7cr>^^i 
"0" t^rl.„ -efL'^cOANDIUff^l 6, IKDlUfi 
*^<^<?)^1 i:ll2tODFF 1 8. 1 Q^CKii^tl.. ^'n 

fg-^ d o w n C7);^t;{)i "1" t^S, 

[00 33] tfz. ll4^^o^^J^Jdc7)2y^°;^xg{^^^v^■r 
ai^J c coatt:^)^' "0" i:7nLX\^^^. Zcofzmz. 

FF18, 1 OCOiHtSi^^ "0" IZ-^ yh-tt, 

[0 0 34]— ^r. XJjf-i^i/ZfiLXi'rt-y^mn-co 

^alLJa»Sr*m->ll3 (b) XU. m^] d £7*14^^1: 

*vS.tA"-e^oB#o^' a -y i^ft-g-c L K 2 cr>-*ryy° u y-^'r" 

iiH^c) S0ffitt(iH3 (a) cO*i-^i:|5|tT-fc 
Lt^L. tii^a.i)i "0" ■ftil:':b:<)i "1" x^^fz 
l^l/Z. Hi (7)ANDIm]S§1 6(7)tfi^Jej:j>' "0" ■C"®2<7) 
ANDHS^l 760ffi^Jf >()i "l" ^tlio(D^^ 

t i *5 . cr >y i^m-^co^jR t jgjS^A-'ffiv ^ ; t t 

T V r -y Tfl-^u p " 1 " [zt;:h , 

[0035] tfz. 113 (a) com^tmtXoliZ. 

co-^ y y° u y ^^f- 9 coffitto^Mt: ^T'tS . \!i^cif 

"0" i^LX\>^^tz)^t<Z^ DFF 18, 1 9<7)ti}SjJ4 

"0" tc-fe-y b$^xi><, micnm^mmzii^. a 

ti, 7 ^;k:?'3^3iLTVC0 4(C')m3i$ixSo 
[0036] J^t. iilj«itteg|c?)ftiitoafi!c0iJt::'3».^T 

i¥«tfMHj!t-s . 114 {±11 1 ^ff^mmkmm i ^^ffi^^ 
[ 0 0 3 7 ] EI4 \,zi5\^x. ^ivx y -yymmn 

1 0c7)ffij^(±ll2c7)*4-|ri:|H]tT-^5-g.*\ r-yT^''-^^ 

ft-^^mg^i \amm,m2<r>i%^hmf^h . 114* 

:}^-;kF|lIjfg-l 2coai^Ji:DFF 24£7)ai::^3i:*^"AND 
lilE^2 OtcA^J^tLTV^^, tJt. -9-y77U;^-;WF[II 
S&l 3<7)aiSJi;DFF 2 3(7)a}Sji;j&^ANDlIIS&2 1 
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X:tS^tl'ZV^^. AND\BlSi2 0cr,iiitiliDFF 2 3cr) 
f-i^Xijm'lZXiJ^tl. ANDIIIS&2 10lil:tlj±D 
F F 2 4c0r''-:^ Ati^'fl^zAtl^tLX^'^^ . ANDIH 
S& 2 2 tZiiE XOR14coai:^Ji; ■^yy)V:;i~^~/U ]i 

1 5cr,iiitSti^Xti^ti. AN Dllllf#2 2 tfOtfi:J:{i:D F F 

2 3 StJ^' 2 4 ^' n -y A^jSS^tCT^ A^J S a ^ o 

DFF 2 3cDtiltlffi^*^'^{i:J'"^>'ff-^d own*i, t 

D F F 2 4 cr>iii:b1^'f-t^ ^ItT-y Tff^u p >?)iaiSj $ 

fit. 

[0 0 38] icO@l4«ffi^MtiJV''t{is ^LJilife 
ScOft<£<7)5Hr|airS: . ANDIlIg&2 2^ffll,^|,ii;tCj: 

i?^^'fb^"C-^i>3&*'3 c L K 2 <D^yy° u y j/-f — ^ 
"1" «*-^tcco;^^T-5 , ito±s-^, -tJ-yr^i-^^-^kH 

h tcM t T a -y ^m^(^mmif/'K\' "> t f jw t . miz 

-ify K mm 1 3coai^3&i "1" coift^ii^'D 
'y^fi-f-i^ift3lLJfi?Simft>.^i:¥iJir-r.l.o $^>t. ^ 
'>:xfi^downSr^:i$ii:SDFF2 3 COtH^fj^k AN 

DI11S#2UC. T'y rft-^ u p^r^Slt^DFF 24 
[ 0 0 3 9 ] vmnii^ " 1 " cr,:im-t^t>-p>^^n >y 

[0040] T"/ y°m-^cr,m-^ijmmiz , r -/ 7°fi-^yi)^ 

[0041] ±mLfzm2cr,m&mm^^m'^-^fzm^ 
It T >y ym^m/ ym^t^^ vi-xmz m^-^tct 

mtm^.'th i -r-r -y y°m^&x/r^ y m-^*^'tti^j ^ti 

t , z (^fzub. mmmtm^i')Dc y-i ymm^±^ < 

[0042] El2X{iia44i(7)-9">'T;p7j^— 

■S, HSt^i^V^T. -9->'r;k:4^-;kK|IlS&l 2{i:. 7>y 
^lll#|3 0S.t^ 3 1 i:. •fe^i?':i'lIlS&3 2i;Sr#^T••« 

^StiTv^^. -f-LT. -if>'r;P7^-;PFlilff&i 2<50t' 

-;l-K[IIS§l 2tfO;?a>y^'A:^JS^«i:7 'y-f IIIS&3 0& 
t/^ -y 3l7^^(?)^n-y^ A^jS^^Mtfti-fe k 

yy)V-^^—)V Y- ass 1 2 m\-<^^yy°iVTii—)V k iiis& i 



3, 1 5 t|l|a60«Jj!<;-C-&l.t.«i:-r-l.» 
[0043] j{)^j&*-g.«)^ct-*3>,^-C . 7 ■yf-igK3 OX' 

-y ^' A^j3ii=-tcA^J§ti^cfi-^c?)At± 0 t^i-oiL 

r^t.x'K-fiy-^'kum-th. -u. mizyvi-mm 

3 1 T-ii. n 'y i7 A^JJS^tA^] Snfdl^^/J^T *) 
[0 044] ^•yi-mS^3 0MJ^^-/i-m^3 icoiH,:^ 

m^it. ■i^u^^'3 2cf)xtim^izmm^tLX\^^&. ^ 
Lx. ■^u^^3 2mmm^i,ztm^iifzm^-t^h 

"0" <7)m-^i,zii^-yi-\^i^3 icommmiK^nti^ 
y) 'm<^m^x-mm.m.<^\tm)^x'% h^o^z-^^t. 

[0045] i'K.^Z^ m2XliMAfpc^)^yy°)VTi-^—)VY 

m^(nmcr)^w>mmm><zr>uxm^im^^xmmt,z%m 

-tt. meizm^X. ^yT/U4-^—/PV\M\^l 2ii. 
— <7)DFF4 Oti-^TitflicS^XTl^^, 
[0046] L T , VT/P*— /l^ K HISI 1 2 CO-T— 
^AJjmi'iiD F F 4 OcOt-^ A^lS^^i:«i^§tt-C 

v->s, tfz. -^yy^u^^-fuvms^i 2<r>^xi"/^x-n 

S^-ti D F F 4 0 CO O -y ^' A^JSS^ MtA't -t k ^ tg 
S&3 2<7)^fK*iMSe^i:ffi^SnTl->«.<. ^xH. ^fVT 
h' ImIB& 1 2 Jil^'l-iO-if K mfft 1 3 , 

[0047] Zc^Mb cr)'tyyiVTt^—)VYnf^'km\'^fz 

Wj^. x^'f-^m^-<^±±.^m><z<^^w[mm\m^^ 
m 5 coi?->-r;k*-;k mmzit'<-mmx\M^A<r>m. 

[0048] /^tc. la 1 ttico7 4 )v^3a^mm^nz-:)\^ 

xmi ^m^^xmm^zim-th muzi^^^x. em 

t-^ 7 ^ ^1^^ 5 0 1 . mm%^m^ i t^jts t-ctstt^> 

5 2ti■t^X'm^^h.X^^h, y'i)\/^5 iti, iilM 

iitbK^i(7)ai::fj(7)dt>«r-y7Wu piznmLxm. 
n^iifzy ^)V93i-it. ^'^ymndov^n^zn 
mLxtm hfifzy -ov^ b I - 2 h . ztit^y^/v^ 

5 1 -1RU5 l-2<73liitiimM.-thMMm^5 1 - 

3bi■^^xmf&■^ilx\>•^t. 

[0049] :b^^^:hmmzi5\.^X . y ^ JV-^ 5 1 cOiH^ 
X\ 7-f;k^5 l-iatX5 l-2^Cj:-?TT-yT^t-f■ 
u p &U:y^ym^- down <7)if|Jl&)t:5]-:6i'^*$ ix. 
icO|^^Oft-^*^JlI^IlIB&5 l-3l/Zt5\,^Xtm^tl 

^/i. :7 ^/w^5 Otcj;-:)TMIiM*i:b«{tsl«ai^j 
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[0 0 5 0] zco^dizy ^ fi'^^m^'ti'^itiz^') 

[00 5 1 ] zzx\ mifpcovco4commmz':>\,^ 

■^tizti ft-i. V c o 4 cr)f>^mms&m&^-ty'\^ -y ^ mx'ti 
mzwm^^. ^<^-mi.Ti^f^mz^n )^ v 7 r & mm, 

1 --4 4 ffijv-rmzmm^fL. ^ff:>-mzf<^-/ 7 r 4 

>'N">y7T4 6**^>:?'n>y^'fi-^CLK 1 j; D 9 0 

JS^5:fB^^Jtt^?"i^'^•y:;'«^CLK2SrWmLTl■»^o 

[00 52] iiT-, ^^m^ A 1— 44{±, 

ttXi-^^hc^ik-r^. ^tX. ^crim^iM^zX-oX^i. 
h f M TX«}Ifi , u p m^WJ down m#t J£ t 
T Mffll-r •!> .r 1 i o T . V C O 4 iO^SMftS Sr 

< -tiximmmmwmK o , m^z^-^^ r^mm.m^: 
[00 53] . m 9 liiimMf/ 9 0 ma^hcr,^ n >y 

i^m^C LK 1 aVC LK 2 Sr^JjEi-r'l.^tiStt.i. V 
C O 4 Ol*lSB«^M^S^-ryn -y ^ H-C$) ^ „ *MtfO V 

COfi, ^l^ffliOMiS-f >vs--^'^;t,— T:KtcJiigL/c 

«)5cT-«)-&„ -t^^hib. mcmcom}^ yy^~^ A i- 

4 3 t^/i'-y°mzmm^ti. -eto— St^s--7 :? r 4 5 

eSOfiiSt;^ ^' ■/ 7 r 4 6 Si^S ^IT I ^ S „ 
•f tT. A'^y^r 4 5>0^ii>i>n7^fl-tCLK 1 SrWm 
^■^>y7r4 6;&^i^>:^'^>y:^'^i■^CLKl J:i9i>{iffi 

macD^^tam^xK). ^"^-yyrAecomm-thiiL 

at l-J-Ci^nvi^fi-^CLK 1 t ^'n-y^fl-^CLK 

•r^t>*>. ^■^-yyrA&criith'oiz. mm^izwi^x^ 

■^tlX^^^-'<'y yrAl ^Wm^X 9 n -y ^If-^C L K 

i-km^-mt. ^N'-y7r4 6*^/^#aiLf^j^j:i9i^ 

[00 54] iil±cO j; 3 tc: , P L L CT)^";!^ > V > 



■I. <r t J; . ^r;^-^' >- :x >^WftMl!)f^"rtg^r 

t'j:^), 2. 4Gb,/s<7)NRZA^]fi-^iC>PfLT^>g 

fi(tTiiT;i"f vvv -jffm^ <tc^ mmm w p l l e 
mi,z±MLfzmmmm^i:mm-th ztx-vcoc^^ 

izx<o.m2 commmim^irm v ^tzm^i.zit^x mm 
mmi}^ 2 mi^ihiz^mT^ s p l l ^^^mmx-^ s , 

[0055] 

l^mc^mm] liLt§mLfzJi:oi<z:^mMii. PLLO 

i^ji-m^xm&^h iitt,z2:'o. jEi^r/p-f y u-yi^a 
v^mmmii^^m^ p l l ms&^wjt-c-t' -g. ^ i ^ a ssa^^ 

[HMcOffi^^rij^ag] 

[HI] ^^mc^mmco-mmiz j: s p l l mg^^^^jjic 
[02 ] H 1 tffcisttsjgj^t^^iom 1 <7)mmi^ 

[03] ( a ) (J El 2 c^mmLmmt^zan h^u-yc 
'm^<r>m&wx-n'f-^(D\L'y vv-vi.^ tsi^* 

•^^O^Ml^iJOiSJF^Sr ^-ra, ( b ) {±11 2 i^MlSScJt 

^ict5it-s. o >y ^ \%^(r)mmL-tfix-n^—?(r>\L -y 

[04 ] H 1 ^0M&ia:tKllcO^2cDffiji!4f?iJS:^-riHl 

[05] 02 ^<7^^yy}Vif-~)V K iiis§c7)is 1 <nmWL^\ 

^^<tmnmxhh. 

[06] 02 ttiCO-y-yr/U*:— ;P 1^ HIB&cJO^ 2 
[07 ] 0 1 4>C07 ^ ;k:5^COittjS;^J2r:S;-r[IIi&0t:'tb 

[119 ] 01 tt^^JVC 0^ftii^ffij3cM2r^t~IlIS#llT^^ 

[ El 1 0 ] p L L mi^oyx%m:^^m^h s <> 
1 w&wmm 

3,50,51 y MV^ 

4 VCO 

I 0 i?->f y 

II updo w nfi-^^iHIlS 

12, 13, 15 ^f>'r;l^7j^-/I^K[lIS& 
16, 17, 20, 21, 22 AND[I1S^ 
18. 19, 23, 24, 40 DFF 
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4 1-^4 4 mm-^y^"^—:^ 

4 5—4 7 ^^-/yr 
14 EXORII1S& 



3 0.31 y^yi-m^ 

5 2 Jaffti 



[01] 



[06] 



3 


f 








vco 









] 2 



4 0 



CLK1 



[02] 



CLK1 



CLK2 




down 



[05] 



[07] 




0 




vco 



(a 0 ) ) 0 0- 1 2480 1 (P200 0-1 2480 1 A) 



[H3] 



[08] 



CLK1 
CLK2 

up 

down 



_j — 1 r 



_r 



1 r 



1 



1 



J 



(a) 



J L 



~L_i — L_r~u_r~L__rn_r-L_r 
i ~Lr"i_f~ L-r 
J 



4 1 



4 2 



4 8 



4 4 



4 5 



X 

i 






_> 






- C L K 2 




C L K I 



CLK1 
CLK2 

itl;t7l 
up 



_i ^ ^ \ I — \ \ ! T" 

— I \ 1 I \ ! L 



r 



J" 



1 



J \ I L 



[04] 
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[09] 




